Prior studies report that plasma membranes of the spontaneously hypertensive rat (Okamoto-Aoki strain) bind less calcium than do the corresponding preparations from Wistar Kyoto controls. The possibility that the differences result from a decrease in the content of integral membrane calcium-binding protein (IMCAL) was explored by the application of immunoassays with polyclonal antisera and a mouse monoclonal antibody. IMCAL binds calcium with relatively high affinity, and its content in many rat tissues is regulated by vitamin D and the level of dietary calcium. Immunoassays of tissue IMCAL demonstrate significant reductions in content in the erythrocyte ghost, intestinal mucosa, kidney, heart, testis, and liver of the spontaneously hypertensive rat as compared to the control strains. The decreases are observed both at 4-5 weeks of age, before the onset of severe hypertension and at 8-9 weeks in the presence of severe hypertension. Moreover, the magnitude of the decrease in erythrocyte IMCAL can account for much of the decrease in the calcium-binding capacity of erythrocyte membranes reported by others. The results are especially significant because an abnormality in the membrane binding of calcium and in the regulation of cytosolic calcium ion concentration could underlie the pathogenesis of the hypertension.
The spontaneously hypertensive rat [Okamoto and Aoki (1) ] exhibits features observed in human essential hypertension (2) (3) (4) (5) and it has evoked considerable interest as a model of the human disease. Abnormalities of calcium binding or translocation, for example, have been detected both in the genetically determined rat disorder (2, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and in the human disease (2, 5, 16) . These calcium abnormalities are of particular significance because they may underlie the pathogenesis of the hypertension (6) (7) (8) (9) (10) (11) (12) (14) (15) (16) . In spontaneously hypertensive rats (SHR), the alterations include reduced binding of calcium to the plasma membranes of various cell types (2, (13) (14) (15) , impaired flux of calcium out of the cytosol via active transport dependent on adenosine triphosphate (7) (8) (9) (10) (11) (12) 14) , and increased passive permeability of erythrocyte membranes to the cation (14) . These changes are expected to increase the ionized Ca2' concentration of the cytosol and, in the case of the excitable cells, to enhance vascular smooth muscle tone and the peripheral resistance of the blood circulation (15) . In human essential hypertension, the binding of calcium to erythrocyte membranes is decreased as compared to normotensive controls (2) , and the concentration of ionized Ca2+ within blood platelets is increased (16) .
The foregoing evidence points to a genetically determined alteration in SHR of a membrane component responsible for binding calcium, and the present study was undertaken to characterize-the molecular basis of this change. We have previously described (17) (18) (19) . Evidence that the calcium-binding activity of intestinal IMCAL is closely correlated with the capacity of the mucosa to transport the cation (17, 20) suggests that IMCAL is a component of the membrane mechanism that mediates or regulates calcium translocation. Recently, immunoassays that utilize polyclonal antisera or a mouse monoclonal antibody to IMCAL have demonstrated that the protein is present in many rat tissues (19) . On (Germantown, NY) . Two age groups were studied: 4-5 weeks old (weight range, 58-80 g) and 8-9 weeks old (weight range, 161-195 g). Systolic arterial blood pressure was estimated by tail plethysmography; mean values ± SEM for the SHR and Wistar Kyoto groups, respectively, were 130 ± 3 mm Hg and 113 ± 3 mm Hg at 4-5 weeks of age and 172 ± 3 mm Hg and 123 ± 4 mm Hg at 8-9 weeks of age. Sherman strain controls were purchased from Camm Research Institute (Wayne, NJ), and all the animals were maintained on a nutritionally complete pellet diet (Camm Maintenance Rodent Diet; 0.9% Ca; 0.8% P) with water ad lib. Rats were deprived of food for 18-24 hr to empty the upper intestine; the fast did not empty the cecum. Thereafter, the animals were killed by rapid stunning and exsanguination. Blood was heparinized, the erythrocytes were isolated by centrifugation and washed twice with 0.145 M NaCl/5 mM KCl, and ghost membranes (white to light pink) were prepared by osmotic lysis in 8 mM sodium phosphate (pH 7.4) as described (21 
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was suspended in 8 ml of the homogenizing buffer to provide the starting material for the immunoassays described below. The protein content of these suspensions ranged from 3 to 10 mg/ml, as estimated by a modified Lowry method (22) using bovine serum albumin as the reference standard.
Antibodies. Denaturation of IMCAL with NaDodSO4 yields a monomer of Mr 20,500 (17) . The NaDodSO4 monomer was purified by polyacrylamide slab gel electrophoresis and the gel band was excised and used as antigen to immunize rabbits (23) . Specificity of the antisera was assessed by an electroblotting technique. A crude soluble preparation of duodenal mucosal proteins obtained by Sephadex G-150 gel filtration (17) was treated with 2% NaDodSO4 for 3 min at 100TC, and the resulting NaDodSO4 proteins were resolved by electrophoresis in a discontinuous (4%/12%) NaDodSO4/ polyacrylamide slab gel. The resolved proteins were transferred to a sheet of nitrocellulose by electroblotting (24) in a Bio-Rad Trans-Blot apparatus. Strips of the nitrocellulose were treated with rabbit antiserum or control serum, and after appropriate washing bound antibody was localized by using an affinity-purified goat anti-rabbit IgG antibody conjugated with horseradish peroxidase (Kirkegaard and Perry, Gaithersburg, MD) and 3,3'-diaminobenzidine as substrate for the staining reaction. One rabbit antiserum was essentially monospecific for the IMCAL NaDodSO4 monomer, whereas a second antiserum yielded predominant staining of the IMCAL band (>90%) plus some staining of a higher molecular weight band (Mr, '100,000). To ensure specificity of the immunoassay for the IMCAL NaDodSO4 monomer a quantitative electroblotting procedure was developed, as described below.
A monoclonal antibody to native IMCAL was prepared by growth of a mouse hybridoma clone (RC2B6/lDl) developed in our laboratory by Mark R. Takahashi. The cells were grown in suspension culture and 5-10 x 106 cells were injected intraperitoneally into BALB/c mice primed with pristane. Ascitic fluid was harvested after 2-3 weeks, and the IgG fraction was isolated by column chromatography on protein A-Sepharose (Pharmacia P-L Biochemicals, Milwaukee, WI). Two procedures were used to demonstrate the specificity of the antibody for rat IMCAL. A crude mixture of rat duodenal membranes was solubilized by extraction with 1-butanol and the extract was resolved by electrophoresis in slab polyacrylamide gels (nondenaturing) as described (17) , alongside lanes of authentic rat IMCAL. The gels were transferred to nitrocellulose by electroblotting, and one band of immunoreactive IMCAL was observed in the crude fractions by using the mouse monoclonal primary antibody and a goat anti-mouse peroxidase-linked secondary antibody (Boehringer Mannheim) as described above. In the second procedure, the mouse monoclonal antibody isolated from ascitic fluid was immobilized by coupling to activated Sepharose CH-4B (Pharmacia P-L Biochemicals) and an immunoaffinity column was prepared. A crude mixture of butanol-solubilized duodenal membrane proteins (see above) was equilibrated in the column and, after extensive washing, bound proteins were eluted with 50 mM sodium acetate citrate buffer (pH 2.6). The fractions were treated with 2% NaDodSO4 as described above and resolved by NaDodSO4/ polyacrylamide gel electrophoresis on 4 (25) or with calmodulin derived from rat testis (CAABCO, Houston, TX).
Immunoassay with Monoclonal Antibody. Tissues of 8-to 9-week-old rats were also assayed with the monoclonal Table 1 . Significant reductions in the mean values of the SHR as compared to either the Wistar Kyoto or Sherman strain controls were observed in erythrocyte ghosts (58.1% decrease), duodenal mucosa (37.9-45.4%), cecal mucosa (42.9-53.8%), kidney (41.7-46.2%), heart (55.8-58.7%), and testis (44.2-57.1%). A similar trend in the jejunal mucosal values did not reach statistical significance in four experiments. However, the jejunal values were significantly lower than those of the corresponding duodenal segments (P < 0.02) in agreement with prior results (18) . Calcium transport activity is greater in the duodenal as compared to the jejunal mucosa (20) and cecal mucosa also transports calcium readily (27) . It is further noteworthy that in a few tests of spleen (n = 3) and skeletal muscle (n = 2) the SHR tissues consistently yielded lower IMCAL values as compared to the control strains.
To determine whether the pattern of decreased tissue IMCAL occurs in younger animals, tissues of 4-to 5-weekold rats were also compared and the results are shown in Table 2 . Again, the mean values of the SHR samples were lower in erythrocyte ghosts (58.8-67.4% decrease), duodenal mucosa (30.8-43.8%), cecal mucosa (40.9-56.7%), kidney (16.7-31.8%), and testis (40.6-42.4%o).
Assays with the Monoclonal Antibody. The values in Table  3 demonstrate significant reductions of immunoreactive IM-CAL in 8-to 9-week-old SHR as compared to Wistar Kyoto tissues tested with the monoclonal antibody. The decreases were observed in duodenal mucosa (40% reduction), jejunal mucosa (52.8%), cecal mucosa (37.6%), heart (40.3%), kidney (39.1%), and liver (18.2%); a trend in the same direction was observed in skeletal muscle (29.9% reduction; 0.05 < P < 0.1).
DISCUSSION
The results indicate that decreases in the content of immunoreactive IMCAL in SHR tissues can account at least partially for the reductions in calcium binding reported by Tables 1 and 2 and the hypothesis that IMCAL participates in the regulation of calcium translocation (17, 18) . Moreover, these authors observed no significant decrease in the serum concentration of 1,25-dihydroxy vitamin D of SHR as compared to Wistar Kyoto controls, consistent with the possibility of an abnormality in the relationship between circulating levels of the vitamin metabolite and tissue IMCAL content. While the precise mechanism of the decrease in IMCAL content and the functional consequences of the reduction remain to be determined, the demonstration of the protein abnormality in SHR opens new avenues for the investigation of the animal syndrome and of essential hypertension in humans.
